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ELECTRIC CIRCUIT EVALUATION
METHOD AND ELECTRIC CIRCUIT

CROSS-REFERENCE TO RELATTON
APPLICATIONS

This application 1s based on the following Japanese
application, the entire contents of which are incorporated by

reference 1n the specification of this application. (1) Japa-
nese Patent Application No. 2013-123838 (filing date: Jun.

14, 2013)

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an electrical circuit evalu-
ation method and an electric circuait.

2. Description of Related Art

In a direct RF power mnjection (DPI) test, 1t 1s common for
a noise signal for a malfunction test to be mputted with a
ground reference to a terminal of a designated electric circuit
(Japanese Laid-open Patent Application No. 2007-278781).

There have also been proposed experiments of 1nputting
a noise signal for a malfunction test to a ground terminal of
a designated electric circuit (Japanese Laid-open Patent
Application No. 2009-210322)

However, 1t 1s not easy to measure the true malfunction
properties of a designated electric circuit, and diflerent
means are sought after.

SUMMARY OF INVENTION

An object of the present invention 1s to provide an electric
circuit evaluation method whereby a noise signal for a
malfunction test can be mputted to a ground terminal and
malfunctions can be evaluated based on measurements as
near as possible to the true malfunction properties of a
designated electric circuit; as well as an electric circuit
evaluated by this method.

The electric circuit evaluation method according to the
present invention 1s configured by inputting a noise signal
for a malfunction test into a ground terminal of a designated
clectric circuit, focusing on situations i which the true
malfunction properties of the designated electric circuit
could not be measured by inputting the noise signal for a
malfunction test into the ground terminal of the designated
clectric circuit, and examining the causes thereof.

Specifically, the electric circuit according to the present
invention ivolves inputting a noise signal for a malfunction
test into the ground terminal thereof and finding a frequency
property of the magnitude of the power at which the desig-
nated electric circuit causes a malfunction, and the electric
circuit being characterized in that: a detection reference
ground of a detection part for detecting whether or not the
designated electric circuit causes a malfunction 1s connected
at high impedance to a ground of the designated electric
circuit; a detection part for detecting whether or not the
designated electric circuit causes a malfunction has difler-
ential mput parts, a to-be-detected part of the designated
clectric circuit 1s connected to one differential iput, and a
ground of the targeted circuit 1s connected to the other
differential input; a ground of a noise source for inputting the
noise signal for a malfunction test to the designated electric
circuit 1s 1solated from a ground of a power source circuit for
supplying a power source to the designated electric circuit;
a ground of a noise source for mputting the noise signal for
a malfunction test to the designated electric circuit being
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2

galvanically 1solated from a ground of the designated elec-
tric circuit; or the electric circuit 1s comprised of an appro-
priate combination of the above. The electric circuit accord-
ing to the present mvention 1s also characterized in being
provided together with data pertaimning to the frequency
property obtained by a measurement method such as the one
described above.

Other characteristics, elements, steps, advantages, and
properties of the present invention are further clarified by the
detailed description of the preferred embodiments and the
related accompanying drawings, continued below.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing a first configuration
example of a DPI test;

FIG. 2 1s a graph showing an example of a DPI test result
(malfunction power frequency property);

FIG. 3 1s a chart showing an example of S-parameter
measurement;

FIG. 4 1s a drawing showing an example of making an
equivalent circuit;

FIG. 5 1s a drawing showing an example of the AC
analysis;

FIG. 6 1s a graph showing an example of the malfunction
current frequency property/malfunction voltage frequency
property,

FIG. 7 1s a graph showing a comparative example of
arriving current/voltage frequency properties; and

FIG. 8 1s a block diagram showing a configuration
example of a BCI test.

FIG. 9 15 a block diagram showing a second configuration
example of a DPI test;

FIG. 10 1s a schematic view for comparing the second
configuration example of FIG. 9 and another configuration
example; and

FIG. 11 1s a block diagram showing a third configuration
example of a DPI test.

DETAILED DESCRIPTION OF PR
EMBODIMENTS

(L]
Y

ERRED

<DPI Test (First Configuration Example)>

FIG. 1 1s a block diagram showing a first configuration
example of a DPI test. A DPI test 1s one method (IEC62132-
4) of venitying EMS (electromagnetic susceptibility) for a
semiconductor integrated circuit, standardized by the Inter-
national Electrotechnical Commaission (IEC), and 1s carried
out using a device under test 10 (referred to below as the
DUT 10), as well as a noise source 20, a detection part 30,
a controller 40, a battery 30, a power source {filter 60, and the
like.

The DUT 10 includes a designated electric circuit 11
(referred to below as the

LLSI 11), a printed circuit board (PCB) on which the LSI
1s installed. The LSI 11 alone can also of course be used as
the DUT 10. The DUT 10 does not need to be a real device,
and mock devices for testing are commonly used.

When a plurality of LSIs are compared to each other (for
example, a new-model LSI and an old-model LSI are
compared, or an LSI of one’s own company and a compat-
ible LSI of another company are compared), 1t 1s preferable
to use a mock device for testing that has common configu-
rative elements (the size and wiring pattern of the PCB, the
type and properties of discreet components installed on the
PCB, etc.) other than the LSIs being evaluated.
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The noise source 20, which 1s a main element for injecting
high-frequency noise signals (interference power) into the
terminals (a power source terminal VCC 1s shown 1n FIG. 1)
of the DUT 10, includes a signal generator 21, an RF
amplifier 22, a bi-directional coupler 23, a forward wave
power sensor 24, a reflected wave power sensor 25, a power
meter 26, and a coupling capacitor 27.

The signal generator (SG) 21 generates a high-frequency
noise signal in the form of a sine wave. The oscillation
frequency and amplitude of the high-frequency noise signal
can be controlled by the controller 40. When the interfering
wave 1s a pulse, a pulse generator (PG) may be used, and
when the imterfering wave 1s an impulse, an 1mpulse gen-
erator (IG) may be used.

The RF (radio frequency) amplifier 22 amplifies the
high-frequency noise signal generated by the signal genera-
tor 21 at a predetermined gain.

The bi-directional coupler (BDC) 23 separates the high-
frequency noise signal amplified by the RF amplifier 22 into
forward wave component that goes to the DUT 10 and a
reflected wave component that returns from the DUT 10.

The forward wave power sensor 24 measures the power of
the forward wave component separated by the bi-directional
coupler 23. The retlected wave power sensor 25 measures
the power of the retlected wave component separated by the
bi-directional coupler 23. The transmission lines to the
torward wave power sensor 24 and the reflected wave power
sensor 25 are preferably kept 1n a pseudo-i1solated state (for
example, an impedance of 350 €2 or more and a power
transmission property of =20 dBm or less).

The power meter 26 sends to the controller 40 the forward
wave power measured by the forward wave power sensor 24
and the reflected wave power measured by the reflected
wave power sensor 25. The power actually injected 1nto the
DUT 10 1s calculated by a diflerence computation by the
controller 40, and the calculation result 1s recorded 1n the
controller 40. Thus, the power 1njected mto the DUT 10 1s
measured by the power meter 26, which 1s separate from the
DUT 10. Therefore, to measure the power injected into the
DUT 10 with high precision, the cable loss during high-
frequency noise signal transmission 1s preferably reduced to
as small of a value as possible (1 dB or less, for example).

The coupling capacitor 27, which 1s connected between
the output terminal of the bi-directional coupler 23 and the
DUT 10, cuts out the DC component to allow transmission
of only the AC component (the high-frequency noise signal).
In FIG. 1, the coupling capacitor 27 1s portrayed as a
configurative element of the noise source 20, but there are
many cases 1n which a ceramic capacitor mstead 1s placed on
the PCB equipped with the LSI 11.

The detection part 30 observes the output waveform of the
DUT 10 and sends the observation result to the controller 40.
An oscilloscope or the like can be suitably used as the
detection part 30. A differential probe of high-input 1mped-
ance (1 M£2) 1s preferably used to put the transmission line
from the DUT 10 to the detection part 30 1n a pseudo-
1solated state so that the presence of the detection part 30
does not aflect the DPI test.

The controller 40 1s a main element for collectively
controlling the DPI test.

When the DPI test 1s carried out, the controller 40 keeps
constant the oscillation frequency of the high-frequency
noise signal injected into the DUT 10, for example, and
controls the signal generator 21 so that the amplitude
(injected power) of the high-frequency noise signal gradu-
ally increases. The controller 40 performs a LSI 11 mal-
function determination (a determination of whether or not
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there has been a pulse omission or frequency disturbance in
the clock signal, a deviation from the standard output
voltage, a communication error, or the like) according to the
observation result of the detection part 30, in parallel with
the amplitude control described above. The controller 40
then acquires the result of computing the value measured by
the power meter 26 (the power mjected 1into the DUT 10) at
the point in time when the LSI 11 malfunction occurred, and
stores this result associated with the oscillation frequency of
the current setting. By thereafter repeating this measurement
while sweeping the oscillation frequency of the high-fre-
quency noise signal, the controller 40 attempts to find the
malfunction power frequency property, which 1s the asso-
ciation between the oscillation frequency of the high-ire-
quency noise signal and the injected power at the time the
malfunction occurred. A personal computer or the like that
can sequentially carry out the above-described measurement
can be suitably used as the controller 40.

The battery 50 1s a DC power source for supplying power
to the DUT 10. When the evaluation target of the DPI test
1s an onboard LSI, for example, an onboard battery may be
used as the battery 50. The DC power source for the DUT
10 1s not limited to a battery, and can also be an AC/DC
converter or the like for generating the desired DC power
from applied AC power.

The power source filter 60, which 1s a circuit part for
putting the transmission line from the noise source 20 to the
battery 50 into a pseudo-isolated state, includes power
source 1mpedance stabilization circuit networks 61 and 62
(referred to below as LISNs (line impedance stabilization
networks) 61 and 62). The LISNs 61 and 62 both stabilize
the apparent impedance of the battery 50. The LISN 61 1s
inserted into the power source line connecting a positive
clectrode terminal (+) of the battery 50 and a power source
terminal (VCC) of the DUT 10, and the LISN 62 1s mserted
into a GND line connecting a negative electrode terminal (-)
of the battery 50 and a GND terminal (VEE) of the DUT 10.
<DPI Test Result (Malfunction Power Frequency Property )=

FIG. 2 1s a graph showing an example of a DPI test result
(malfunction power frequency property). The horizontal
axis of the graph represents the oscillation frequency [Hz] of
the high-frequency noise signal, and the vertical axis rep-
resents the injected power [dBm]| of the high-frequency
noise signal. This graph plots the critical injected power at
which the LSI 11 causes a malfunction at each oscillation
frequency of the high-frequency noise signal as the result of
the DPI test (refer to the solid line 1n the graph). Specifically,
the solid line 1n the graph the malfunction boundary, the area
(I) above the solid line 1s therefore a malﬁmctlomng area,
and the area (II) below the solid line 1s a normally func-
tioning area.

A predetermined maximum power (38 to 40 dBm, for
example) 1s provisionally plotted at oscillation frequencies
that do not cause a malfunction even when the atoremen-
tioned maximum power 1s 1njected (refer to the dashed line
in the graph). Spec1ﬁcally, the dashed line 1n the drawing 1s
the normal function ensuring, boundary, the area (III) above
the dashed line 1s therefore a non-ensuring area, and the area
(II) below the dashed line 1s a normally functioning area.

Thus, the DPI test attempts to find the malfunction power
frequency property, which 1s the magnitude of the critical
high-frequency noise signal at which the DUT 10 causes a
malfunction, represented by the power injected into the
DUT 10. As stated in the background art paragraph, the
malfunction power frequency property 1s information that 1s
casily acquired, but has been diflicult to treat as information
for improving events that occur 1n the actual LSI 11.
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In view of this, below 1s a proposal of an electric circuit
evaluation method which, in addition to having a step for
finding the above-described malfunction power frequency
property through a DPI test, also has a step for finding a
malfunction current frequency property, which 1s the mag-
nitude of the critical high-frequency noise signal at which
the LSI 11 causes a malfunction, represented by a terminal
current I_LSI flowing to a predetermined portion of the LSI
11, and a malfunction voltage frequency property, which 1s
the magnitude of the critical high-frequency noise signal at
which the LSI 11 causes a malfunction, represented by a
terminal voltage V_LSI occurring between predetermined
points of the LSI 11, both of which properties found from the
malfunction power frequency property.

When the evaluation method 1s carried out, the S-(scat-
tering) parameters of the DUT 10 and the LSI 11 are
measured to make the LSI 11 an equivalent circuit and to
conduct an AC analysis, and the IBs (immunity behaviors)
of the terminal current I_LSI and the terminal voltage V_LSI
are simulated (the malfunction current frequency property
and the malfunction voltage Ifrequency property are
acquired) based on the analysis result. These element steps
are sequentially described 1n detail below.
<S-Parameter Measurement™>

FIG. 3 1s a chart showing an example of S-parameter
measurement. S-parameters are parameters representing ire-
quency properties of the DUT 10 or LSI 11, and S-param-
cters show power transmission properties or power retlec-
tion properties of the circuit network. For example, the
S-parameter |S111 shown 1n FIG. 3 shows the percentage of
signals reflected back to a first terminal (reflectance loss)
when signals are inputted from the first terminal 1 a
two-terminal circuit (a four-terminal circuit network). In
addition to the reflectance loss of the first terminal (IS111),
also measured 1n the two-terminal circuit are 1nsertion loss
from the first terminal to a second terminal (IS211), insertion
loss from the second terminal to the first terminal (1S12]),
and reflectance loss of the second terminal (1S22]). The
S-parameters of the LSI 11 are preferably measured with the
L.SI alone, and the S-parameters of the DUT 10 are prefer-
ably measured with the LSI mounted on the DUT.
<Making Equivalent Circuit>

FIG. 4 1s a drawing showing an example of making an
equivalent circuit. Making an equivalent circuit from the

L.SI 11 and the PCB equipped with the LSI 1s done from the
S-parameters of the DUT 10 and the LSI 11. When an
equivalent circuit 1s made, the LSI 11 1s preferably regarded
as a series circuit having a resistor R, an inductor L, and a
capacitor C, and the PCB 1s preferably represented as the
components (capacitor C and the like) installed with the
inductor L of the wiring pattern.
<AC Analysis>

FIG. 5§ 1s a drawing showing an example of the AC
analysis. An AC analysis 1s performed on the equivalent
circuit of the LSI 11 and the PCB equipped with the LSI. A
50 €2 AC voltage source 1s preferably used as the AC signal
source for generating AC voltage Vs (Vrms). At this time,
the terminal current I_LSI flowing to a predetermined por-
tion of the LSI 11 and the terminal voltage V_LSI occurring
between predetermined points of the LSI 11 can both be
expressed as functions of the AC voltage Vs, as shown 1n the
following formulas (1a) and (1b).

[ LSI=fI(Vs) (1a)

V_LSI=fV(Vs) (1b)
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The following formula (2) 1s established between the AC
voltage Vs generated by the AC signal source and the
injected power Pi1 sent to the LSI 11.

Pi=Vs2/200 (2)

Therefore, when formula (2) 1s substituted into formulas
(1a) and (1b), the terminal current 1_LSI and the terminal
voltage V_LSI can be expressed as functions of the mjected
power P1, as shown respectively 1n the following formulas

(3a) and (3b).

I_LSI=fI(Vs)=fI(V (Pix200))=gl(Pi) (3a)

V_LSI=fV(Vs)=fu(¥ (Pix200))=g V(Pi) (3b)

Possible examples of the predetermined portion to which
the terminal current I_LSI flows include a signal input
terminal of the LSI 11, a signal output terminal, a signal
input/output terminal, a power source terminal, a GND
terminal, a heat-radiating fin plate, and the like. Because
malfunctioning in the LSI 11 1s particularly likely when a
high-frequency noise signal 1s mputted to a signal input
terminal of the LSI 11, 1t 1s extremely important to find the
malfunction current frequency property or malfunction volt-
age frequency property of the signal mput terminal.
<IB Simulation (Malfunction Current/Voltage Frequency
Properties)>

FIG. 6 1s a graph showing an example of the malfunction
current frequency property and the malfunction voltage
frequency property. When the DPI test results (the critical
injected power P1 at which the LSI 11 causes a malfunction)
are substituted into the previous formulas (3a) and (b), the
critical terminal current I_LSI and terminal voltage V_LSI
at which the LSI 11 causes a malifunction are obtained for
cach oscillation frequency of the high-frequency noise sig-
nal.

Thus, 1n the electric circuit evaluation method according
to the present invention, the malfunction power frequency
property 1s a property of the DUT 10, and the malfunction
current frequency property and the malfunction voltage
frequency property are frequency properties of the LSI 11
extracted from the malfunction power frequency property. In
this case, the malfunction current frequency property and
malfunction voltage frequency property described above are
extracted based on the malfunction power frequency prop-
erty of the DUT 10, the equivalent circuit of the DUT 10,
and the equivalent circuit of the LSI 11.

Data pertaining to the malfunction current frequency
property and the malfunction voltage frequency property are
preferably provided to the user along with the LSI 11. Thais
providing of data makes it possible for the user to easily
avoid LSI 11 malfunctions.
<Comparison of Arriving Current/ Voltage Frequency Prop-
erties>

FIG. 7 1s a graph showing an example comparing the
malfunction current frequency property and malfunction
voltage frequency property shown in FIG. 6 (solid lines),
and an arriving current frequency property and arriving
voltage frequency property (dashed lines). The arnving
current frequency property i1s a frequency property of an
arriving current 1_arr that arrives at the predetermined
portion of the LSI 11 when a predetermined immunity test
(details described hereinafter) 1s performed on a to-be-
measured circuit unit including the LSI 11 or a mock umit
thereof. The arriving voltage frequency property 1s a 1Ire-
quency property of an arriving voltage V_arr that arrives
between the predetermined points of the LSI 11 when the
aforementioned immunity test 1s performed.
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Thus, to apply the previously found malfunction current
frequency property and malfunction voltage frequency prop-
erty of the LSI 11 to an EMS evaluation, the electric circuit
evaluation method according to the present invention has
step of comparing these properties with the arriving current
frequency property and the arriving voltage frequency prop-
erty of the LSI 11. Making this comparison makes it possible
to assess that the LSI 11 could cause a malfunction at the
oscillation frequencies at which the dashed lines i FIG. 7
rise above the solid lines, for example. When the same
comparison 1s made with each terminal of the LSI 11, it 1s
possible to specily terminals that could cause a maltunction,
and circuit design can therefore be quickly improved.

Because of this, under the condition of using the same LSI
11, 1t 1s possible to estimate whether or not the LSI 11 wall
cause a malfunction by calculating the terminal current
I_LSI and the terminal voltage V_LSI, even when the PCB
structure or noise injection method (test method) has
changed.

The arriving current frequency property and the arriving
voltage frequency property of the LSI 11 are found by a
simulation on the basis of on an equivalent circuit of the
to-be-measured circuit unit equipped with the LSI 11 or an
equivalent circuit of a mock unit. When such a simulation 1s
performed, a predetermined mmmunity test must be per-
formed on the to-be-measured circuit unit or the mock unait.

When an onboard LSI 1s the evaluation target, for
example, 1t 1s preferable to use a test compliant with ISO
11452 as the above-described immunity test. Possible
examples of a test compliant with ISO 11432 include a
radiated 1mmunity test compliant with ISO 11452-2, a
TEMCELL (transverse electromagnetic cell) test compliant
with ISO 11452-3, a bulk current injection (BCI) test com-
pliant with ISO 11452-4, and the like. A test compliant with
a product immunity examination typified by ISO 7637 or the
IEC 61000-4 series may be used as the above-described
immunity test. A detailed description 1s given below, using
a BCI test as an example.
<BCI Test>

FIG. 8 1s a block diagram showing a configuration
example of a BCI test. A BCI test 1s one component testing
method (EMS standards for products: 1SO 114352-4), stan-
dardized by the international organization for standardiza-
tion (ISO), for electric obstruction caused by narrowband
clectromagnetic radiation energy directed at onboard elec-
tronic devices.

The BCI test 1s a test conducted on a to-be-measured
circuit unit 100 including the LSI 11 (or a mock unit
thereol). Similar to the previous DPI test (see FIG. 1), the
BCI test 1s conducted using a noise source 20, a detection
part 30, a controller 40, a battery 50, a power source {ilter 60,
and other components 1n addition to the DUT 10.

The to-be-measured circuit unit 100, which 1s equivalent
to the actual product (an actual device) on which the LSI 11
1s 1nstalled, includes a wire harmess 70 of about 1.5 to 2.0 m
clectrically connecting the DUT 10 and the power source
filter 60 together, 1n addition to the previously described
DUT 10 and battery 50. An injection probe 80 1s inserted
into the wire harness 70, and bulk current 1s injected via a
50 Q transmission line 28 of the noise source 20.

When a BCI test 1s performed on the to-be-measured
circuit unit 100, the arriving current frequency property and
the arriving voltage frequency property of the LSI 11 are
found by a simulation on the basis of on an equivalent circuit
of the to-be-measured circuit unit 100.

When a BCI test 1s performed on a mock unit having a
simplified to-be-measured circuit unit 100, the arriving
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current frequency property and the arriving voltage ire-
quency property of the LSI 11 are found by a simulation on
the basis of on both an equivalent circuit of the to-be-
measured circuit unit 100 and an equivalent circuit of the
mock unit.

These equivalent circuits are based on the S-parameters of
the to-be-measured circuit unit 100 and the S-parameters of
the LSI 11.

Thus, the electric circuit evaluation method according to
the present invention comprises: a step for finding an
arriving current frequency property representing the arriving
current I_arr that arrives at the predetermined portion of the
[LSI 11 when a predetermined immunity test (e.g. a BCI test)
1s performed on the to-be-measured circuit unit 100 includ-
ing the L.SI 11, the arriving current frequency property being
found through a simulation on the basis of on an equivalent
circuit of the LSI 11 and an equivalent circuit of the
to-be-measured circuit umt 100; and a step for finding an
arriving voltage frequency property representing the arriv-
ing voltage V_arr that arrives between the predetermined
points of the LSI 11 when the immunity test 1s performed,
the arriving voltage frequency property being found through
a simulation on the basis of on the equivalent circuit of the
LSI 11 and the equivalent circuit of the to-be-measured
circuit unit 100.
<DPI Test (Second Configuration Example)>

FIG. 9 1s a block diagram showing a second configuration
example of a DPI test. The second configuration example 1s
essentially the same as the previous first configuration
example, but rather than mnputting a high-frequency noise
signal to the terminal of the DUT 10 with a ground refer-
ence, this example has the characteristics of nputting a
high-frequency noise signal to the ground terminal VEE
itself of the DUT 10 and finding the frequency property (the
malfunction power frequency property) of the magnitude of
the power at which the LSI 11 causes a malfunction. In view
of this, configurative elements similar to the first configu-
ration example are denoted by the same symbols 1n FIG. 1
whereby redundant descriptions are omitted, and the fol-
lowing description focuses on the characterizing portions of
the second configuration example.

The first characteristic of the second configuration
example of a DPI test 1s that a detection reference ground

30a of the detection part 30 for detecting whether or not the
L.SI 11 causes a malfunction 1s connected to the ground
terminal VEE of the DUT 10 by a high-impedance compo-
nent 31. This high-impedance component 31 1s configured
from a resistor (10 k&2, for example), a coil, a ferrite bead,
and the like.

When a high-frequency noise signal 1s 1njected into the
ground terminal VEE of the DUT 10 and the detection
reference ground 30a 1s connected at low impedance to the
ground terminal VEE of the DUT 10 in order to obtain the
reference potential of the detection part 30, the high-fre-
quency noise signal 1s dispersed to the ground of the
detection part 30, and the presence of the detection part 30
therefore aflects the DPI test results. When the ground of the
detection part 30 1s completely insulated from the ground
terminal VEE of the DUT 10, the output waveform cannot
be accurately detected because the DUT 10 and the ground
potential of the detection part 30 will not coincide.

In view of this, leaking of the high-frequency noise signal
directed to the detection part 30 can be reduced by keeping
the detection reference ground of the detection part 30 and
the ground terminal VEE of the DUT 10 1n a state of
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connection through the high-impedance component 31 (a
pseudo-isolated state), and the problems described above
can therefore be resolved.

The second characteristic of the second configuration
example of a DPI test 1s that a ground 20q of the noise source
20 for inputting a high-frequency noise signal for a mal-
function test to the DUT 10 1s galvanically 1solated from the
ground terminal VEE of the DUT 10. In other words, the
ground 20aq 1s a separate node from the ground VEE.
Employing such a configuration makes it possible to prevent
leaking of the high-frequency noise signals directed to the
ground VEE of the noise source 20.

The third characteristic of the second configuration
example of a DPI test 1s that the ground 20a of the noise
source 20 for mputting a high-frequency noise signal for a
malfunction test to the DUT 10 1s 1solated as a separate node
from a ground 50q of the DC power system of the battery 50
or the like for supplying power to the DUT 10.

The ground 20a of the noise source 20 1s a common
ground, and 1s placed in a common potential with the system

ground of the controller 40 and the detection part 30, as
shown 1n FIG. 9.

Data pertaiming to the malfunction power frequency prop-
erty described above are preferably provided to the user
along with the LSI 11. This providing of data makes it
possible for the user to utilize the data to avoid LSI 11
malfunctions.

FIG. 10 1s a schematic view for comparing the second
configuration example of FIG. 9 and another configuration
example. The (X) column depicts a configuration 1n which,
similar to the first configuration example, a high-frequency
noise signal 1s 1njected nto an output terminal OUT1 of the
LSI at a ground reference. The (Y) column depicts a
configuration 1 which a high-frequency noise signal 1is
injected into the ground terminal VEE of the LSI by emitting
interfering radio waves from an antenna toward a chassis.
The (Z) column depicts a configuration in which, similar to
the second configuration example, a high-frequency noise
signal 1s 1njected 1nto the ground terminal VEE itself of the
LSI.

In the configuration shown in the (X) column, all that can
be evaluated 1s the malfunction when a high-frequency noise
signal 1s injected into a terminal other than the ground
terminal VEE of the LSI.

In the configuration shown in the (Y) column, 1t 1s
possible to evaluate the malfunction when a high-frequency
noise signal 1s injected into the ground terminal VEE of the
L.SI. With such a configuration, however, the presence of the
chassis aflects the results of the DPI test.

In the configuration shown in the (Z) column, 1t 1s
possible to evaluate the malfunction when a high-frequency
noise signal 1s injected into the ground terminal VEE of the
L.SI without affecting the chassis.
<DPI Test (Third Configuration Example)>

FIG. 11 1s a block diagram showing the third configura-
tion example of a DPI test. In the third configuration
example, similar to the second configuration example, a
high-frequency noise signal 1s mputted to the ground termi-
nal VEE 1itself of the DUT 10, to find the frequency property
(the malfunction power frequency property) of the magni-
tude of the power at which the LSI 11 causes a maltfunction.
Configurative elements similar to the second configuration
example are denoted by the same symbols 1n FIG. 9 whereby
redundant descriptions are omitted, and the following
description focuses on the characterizing portions of the

third configuration example.
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In the third configuration example of a DPI test, the
detection part 30 has a differential input part 3056 of high
iput 1impedance (1 M£2), and a to-be-detected part of the
DUT 10 1s connected to a first differential input part 3051,
which 1s one input thereot. The GND terminal (VEE) of the
DUT 10 1s connected to a second differential input part 3052,
which 1s the other input of the differential input part 305. The
coupling from the DUT 10 to the detection part 30 1s thereby
in a pseudo-isolated state, and the presence of the detection
part 30 can be prevented from affecting the DPI test. In the
detection part 30 of the third configuration example, because
there 1s no need to make the detection reference ground
potential of the detection part 30 coincide with the DUT 10,
the ground of the detection part 30 may be completely
insulated from the ground terminal VEE of the DUT 10, and
the detection reference ground 30a 1s connected to the
appropriate potential.
<Other Modifications>

The wvarious technical characteristics disclosed in the
present specification, 1 addition to how they are portrayed
in the above embodiment, can also be modified 1n various
ways within a range that does not deviate from the technical

creative scope of the invention. Specifically, the above
embodiment 1s an example 1n all points and should not be
construed as being limiting, the techmical range of the
present mvention 1s set forth by the claims rather than the
description of the above embodiment, and it should be
understood that meanings equivalent with the claims and all
variations belonging within their scope are included.

INDUSTRIAL APPLICABILITY

The present invention can be utilized when conducting an
EMS evaluation of an onboard LSI, for example.

The mnvention claimed 1s:

1. An electric circuit evaluation method comprising the

following step:

a step of mnputting a noise signal for a malfunction test to
a ground terminal of a designated electric circuit and
finding a frequency property of the magmtude of the
power at which the designated electric circuit causes a
malfunction;

wherein a detection reference ground of a detection part
for detecting whether or not the designated electric
circuit causes a malfunction 1s connected at high
impedance to a ground of the designated electric cir-
cuit.

2. The electric circuit evaluation method of claim 1;

the ground of the detection part and the ground of the
targeted circuit being connected via a resistor.

3. The electric circuit evaluation method of claim 1;

the ground of the detection part and the ground of the
targeted circuit being connected via a coil.

4. The electric circuit evaluation method of claim 1;

the ground of the detection part and the ground of the
targeted circuit being connected via a ferrite bead.

5. The electric circuit evaluation method of claim 1:

the evaluation method for inputting the noise signal for a
malfunction test to the designated electric circuit and
finding the frequency property of the magnitude of the
power at which the designated electric circuit causes a
malfunction being compliant with DPI testing.

6. The electric circuit evaluation method of claim 1;

a ground of a noise source for mputting the noise signal
for a malfunction test to the designated electric circuit
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being 1solated from a ground of a power source circuit
for supplying a power source to the designated electric
circuit.

7. The electric circuit evaluation method of claim 1;
a ground of a noise source for mputting the noise signal
for a malfunction test to the designated electric circuit

being galvanically i1solated from a ground of the des-
ignated electric circuit.

8. An electric circuit provided together with data pertain-
ing to the frequency property obtained by the evaluation
method of claim 1.

9. An electric circuit evaluation method comprising the
following step:

a step ol mputting a noise signal for a malifunction test to

a ground terminal of a designated electric circuit and
finding a frequency property of the magnitude of the
power at which the designated electric circuit causes a
malfunction;

wherein a ground of a noise source for inputting the noise

signal for a malfunction test to the designated electric
circuit 1s galvanically 1solated from a ground of the
designated electric circuit.

10. An electric circuit evaluation method comprising the
following step:
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a step of mnputting a noise signal for a malfunction test to
a ground terminal of a designated electric circuit and
finding a frequency property of the magnitude of the
power at which the designated electric circuit causes a
malfunction;

wherein a detection part for detecting whether or not the
designated electric circuit causes a malfunction has
differential put parts, a to-be-detected part of the
designated electric circuit 1s connected to one difler-
ential mput, and a ground of the targeted circuit is
connected to the other diflerential 1nput.

11. An electric circuit evaluation method comprising the

following step:

a step of mnputting a noise signal for a malfunction test to
a ground terminal of a designated electric circuit and
finding a frequency property of the magmtude of the
power at which the designated electric circuit causes a
malfunction;

wherein a ground of a noise source for inputting the noise
signal for a malfunction test to the designated electric
circuit 1s 1solated from a ground of a power source
circuit for supplying a power source to the designated
clectric circuit.
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